A study of frontal/executive impairments in schizophrenia is reported. Schizophrenia patients and controls were not significantly different with respect to age, sex, and premorbid IQ. The schizophrenia group demonstrated significant impairments in cognitive flexibility and forward planning, replicating results from a 1990 study by Morice. Impairment prevalence figures of 65 and 76 percent for cognitive flexibility and forward planning, respectively, were demonstrated. Several tests for short-term memory were administered. Schizophrenia patients were not found to be impaired on tests of simple, or primary, short-term memory as measured by Digits Span Forward and Words Span Forward, but they were found to be significantly impaired compared with controls on two tests of working memory, Alphabet Span and Sentence Span. Using a cutoff derived from the mean score for the controls, 65 percent of schizophrenia patients proved to be impaired on Sentence Span. A total of 16 (94%) were impaired on one or more of the three tests of executive functioning used. The effects of IQ on test results were examined, and impairment of cognitive flexibility and forward planning seemed to occur regardless of whether premorbid IQ had been preserved or had deteriorated. However, working memory impairments occurred in the subgroup of schizophrenia patients demonstrating a substantial fall in IQ from premorbid levels. The ability to process increasingly complex information was addressed by a more detailed examination of the Tower of London results. There were no differences in performance between groups for the first three levels of complexity (1-3 moves), but significant, and increasing, differences emerged for the last three levels (4-6 moves). These results were taken to support the hypothesis that schizophrenia represents a loss of, or a failure to acquire, the ability to process complex information. Impairments of executive functions that could affect complex information processing could have implications for schizophrenia rehabilitation.
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The term "executive skills" refers generally to a series of functions coordinating or conjoining discrete, low-level functions and enabling the performance of complex, often novel high-level tasks. Stuss and Benson (1986) have cited anticipation, goal selection, preplanning, monitoring, and use of feedback as executive skills and have suggested that the anatomical locus of these skills is the prefrontal cortex. They have also suggested that the ability to maintain or shift a mental set, to establish goals, and to plan are especially important elements of executive skills-elements, moreover, that can be measured by neuropsychological tests such as the Wisconsin Card Sorting Test (WCST; Berg 1948; Heaton 1981) and the Tower of London (Shallice 1982) .
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Norman and Shallice (1980) developed an information-processing model comprising two major components, a Contention Scheduling System employed in the execution of routine tasks and a Supervisory Attentional System, incorporating a general programming or planning component (an executive function), that was invoked for nonroutine tasks. In particular, Shallice (1982) conceived tasks that could be resolved by decomposition into subgoals (e.g., look-ahead puzzles) as invoking the planning component. He devised the Tower of London planning test, a variant of the earlier Tower of Hanoi, to measure the functioning of this component of the executive Supervisory Attentional System. Fuster (1990) developed concepts of "prefrontal memory" and "prefrontal set," both representing elaborations on his work on delayed response paradigms (Jacobsen 1935) with monkeys. He linked his prefrontal set concept with delayed motor set and with planning abilities, as defined by Shallice (1982) . The prefrontal memory of Fuster has been conceived by Goldman-Rakic (1991) as "working memory" incorporating both prospective and retrospective components but remaining predominantly in the short-term memory domain. Goldman-Rakic used single electrode recordings from the prefrontal cortices of monkeys to identify the prefrontal cortex as the main locus for working memory, but she differed from Fuster in demonstrating that different prefrontal areas were responsible for spatial and nonspatial working memory (Wilson et al. 1993; Goldman-Rakic 1994) .
Goldman-Rakic defined working memory slightly differently than . Like Shallice with planning, Baddeley and colleagues worked from a predominantly cognitive and neuropsychological perspective. Baddeley defined working memory as "the temporary storage of information that is being processed in any of a range of cognitive tasks" (Baddeley 1986, p. 34 ). Baddeley's "specific" working memory model comprised at least two "slave systems"-the articulatory loop and the visuospatial scratch pad-Linked to a central executive, which he speculated might be explained in greater detail by Norman and Shallice's (1980) Supervisory Attentional System.
Arguably, the concept of executive skills or functions derives from Luria (1973) , though he did not use the term as such. Through working with neurological patients with frontal lobe damage, Luria described deficits in the ability to solve complex problems and conceived the frontal lobes as the locus for the "complex process of formation and execution of a programme" (Luria 1973, p. 219) . He certainly recognized a loss of complexity in information processing, which he attributed to an impairment of a frontal function not unlike Norman and Shallice's (1980) later Supervisory Attentional System.
Planning, whether approached from Luria's or Shallice's perspective, is conceptualized as an executive function essential for much complex information processing, especially given that many complex problems equate with novel tasks. Studying three patients with traumatic brain injury, Shallice and Burgess (1991) showed that the component parts of real-life tasks can be accomplished in the presence of planning impairments but not the complete (and complex) tasks. Cognitive flexibility also appears to be closely associated with complex processing, as cognitive set must be altered frequently for the multiple components of complex problems to be processed.
Working memory has been associated with complex functions ranging from mental arithmetic (Hitch 1978; Fayol et al. 1987) , syntactic processing (King and Just 1991), and comprehension and reading (Daneman and Carpenter 1980; Baddeley et al. 1985; Swanson et al. 1989; Yuill et al. 1989) to the acquisition of complex cognitive skills ) and the development of procedural skills (Carlson et al. 1989) .
Until recently, relatively few attempts have been made to explain putative executive impairments in schizophrenia, though tasks to invoke executive functions have been used increasingly in brain imaging studies (see, e.g., Weinberger et al. 1986; Williamson et al. 1989; Andreasen et al. 1992; Wolkin et al. 1992; Morris et al. 1993) . Of the three functions gaining greater recognition as executive functions-cognitive shift (or flexibility), forward planning, and working memory-only cognitive shift has received much attention. Of particular interest are the increased perseverative error scores by schizophrenia patients performing the WCST (Fey 1951; Malmo 1974; . Poor WCST performance has been linked both to cognitive inflexibility and to left dorsolateral prefrontal cortex dysfunction (Weinberger et al. 1986 ).
There have been a few recent reports of planning impairments in schizophrenia as measured by the Tower of London (Goldberg et The issue of complexity in information processing in schizophrenia has been investigated in the context of language performance. A reduction in the syntax complexity of comprehended language (Morice and McNicol 1985) and expressed language (Morice and Ingram 1982; Morice and McNicol 1986; has been demonstrated in schizophrenia patients, though whether this phenomenon was a failure to acquire or a loss after acquisition has not yet been determined. An association also was demonstrated between greater reductions in complexity of expressed language and earlier ages of schizophrenia onset (Morice and Ingram 1983) . Morice ( , 1988 attributed such language changes predominantly to executive dysfunction. Subsequently, he demonstrated a significant correlation between scores for the comprehension of syntactically difficult, complex, left-branching sentences and those for Sentence Span, a test of working memory derived from Daneman and Carpenter (1980) , in a group of schizophrenia patients .
In an earlier study of 60 schizophrenia patients and 34 nonpatient controls, found that 67 percent of the patients and 21 percent of the controls demonstrated significant cognitive inflexibility as measured by perseverative error scores on the WCST. Unpublished data from the same study revealed that 78 percent of schizophrenia patients and 21 percent of controls demonstrated significant forward planning impairments as measured by the Tower of London. A total of 88 percent of the schizophrenia patients were impaired on one or both tests of executive functions, compared with 35 percent of controls.
The current study was designed to replicate earlier results and to examine working memory performance in schizophrenia. Intelligence data were collected, enabling the relationships between intellectual and executive functions to be examined, and results from the Tower of London, a test of gradual difficulty (i.e., complexity) were dissected to address some aspects of complex functioning.
Methods
Subjects. The 17 schizophrenia patients studied were from a rural city in New South Wales, Australia. They were diagnosed according to DSM-IU-R (American Psychiatric Association 1987) criteria after clinical interview by the first author. Seventeen nonpatient controls were selected from volunteers working in clinical and administrative areas. No one in either group reported evidence of developmental delay, significant head injury, or drug or alcohol dependence, and none of the control group reported any previous psychotic episodes. Age, sex, and IQ data are listed in table 1. There were no statistically significant differences with respect to age or sex between the groups. The latest edition of the National Adult Reading Test (NART; Nelson and Willison 1991) was used to estimate premorbid IQ, and subjects were selected to ensure there was no difference between the groups on this measure.
Nevertheless, as a group, schizophrenia patients recorded a significantly lower current full-scale IQ than controls. The difference in Performance IQ (PIQ) was 18.2 points, that for Verbal IQ (VIQ), 13.7 points. After the F probabilities were subjected to a Bonferroni correction because of the multiple comparisons, the major differences on the VIQ subtests were found to be in Comprehension and Arithmetic, those on the PIQ subtests to be in Picture Completion and Digit Symbol.
All patients were living in the community at the time of testing and were thus considered to be in relative remission in that they did not need hospitalization. However, a mean total Expanded Brief Psychiatric Rating Scale (BPRS-E; Lukoff et al. 1986 ) score of 37.8 (standard deviation [SD] = 11.4) indicated a continuing and moderate degree of symptomatology. BPRS-E positive and negative subscales (Kenny and Meltzer 1991) were computed. Positive symptoms (mean -8.9, SD -5.9) were more in evidence than negative symptoms (mean = 4.8, SD = 1.8). Duration of illness ranged from 1 to 29 years (mean duration = 9.4 years, SD -8.4). Mean age at onset was 23.1 years. Patients had been hospitalized 4.6 times on average (range -0-15 admissions). All patients were stabilized on antipsychotic medication (a variety of oral and depot preparations), with a mean dose in chlorpromazine Neuropsychological Tests. As mentioned above, all subjects were administered the NART and the 11 subtests of the Wechsler Adult Intelligence Scale-Revised (WAIS-R; Wechsler 1981) to estimate both premorbid and current IQ. The standard version WCST (Heaton 1981) and the Tower of London (Shallice 1982) also were administered. The Tower of London is a "graded difficulty" test consisting of three beads of different colors and a stand with three poles of different heights. The initial position of the beads is always the same: the red bead above the green bead on the tallest (lefthand) pole, and the blue bead on the middle pole. Target, or goal, positions of the beads are presented on a separate stand, the aim being for the subject to achieve the target positions in the minimum number of moves. With all but one-move problems, the moves must be planned before the first move is made to ensure the target positions are attained in the minimum number of moves.
In the original version of the Tower, Shallice (personal communication, December 1987) used two each of two-and three-move, and four each of four-and five-move problems. Planning time and solution time were measured. In this study, three each of one-through six-move problems were presented, and performance was not timed. A single measure is reported: the percentage of problems (n = 18) achieved with minimum moves. Five tests of short-term memory were administered, two of which involved the simple recall of digit or word strings (Digits Span Forward and Words Span Forward) and three of which involved some manipulation of the data before recall (Digits Span Backward, Alpha-bet Span, and Sentence Span). The latter three tests were considered to represent increasingly difficult working memory tasks.
Digits Span Forward. This measurement was computed from the Digit Span subtest of the WAIS-R. Progressively longer strings of three to nine numbers were recalled, and span length was recorded as the number of digits recalled accurately before two lists of the same length were failed or the most difficult sequences were performed correctly (maximum score = 9).
Words Span Forward. Progressively longer strings of two to eight one-syllable, high-imagery, high-frequency words (Paivio et al. 1968) were recalled. Span length was calculated as for Digits Span Forward but with a maximum score of 8.
Digits Span Backward. This measurement also was computed from the Digit Span subtest of the WAIS-R, in which strings of from two to eight numbers were recalled backwards (maximum score = 8).
Alphabet Span (Craik 1986 ). This test required the recall of strings of two to eight one-syllable words as for Words Span Forward, but after their arrangement into alphabetical order (maximum score = 8).
Sentence Span. The Sentence Span test was modeled on Daneman and Carpenter's (1980) modification of the sentence span tests developed by Baddeley and Hitch (1974) to investigate the effects of interference and competing demands on the control (or executive) aspects of working memory. Sentence Span is a dual task that requires verification of sentences as true or false and the concurrent remembering of the final word of each sentence in the series. Following Daneman and Carpenter (1980) , the Sentence Span test required listening to progressively longer sets of statements sequentially determined to be either true or false. At the end of each set the subject recalled the last word of each sentence in the set in any order. There were 54 declarative sentences from four to seven words long, grouped into two sets of two to seven sentences each. Working memory capacity was determined by the total number of words recalled (maximum score -54). Comprehension of the sentences was monitored by calculating the number of correct true/ false judgments.
Results
Means, SDs, and one-way analysis of variance (ANOVA) for WCST, Tower of London, and the five memory tests are shown in table 2. Schizophrenia patients made more perseverative errors than controls and achieved fewer targets in rninirnurn moves on the Tower of London.
There were no differences between the two groups for the two tests of simple (primary) shortterm memory, Digits Span Forward and Words Span Forward. Nor were there any differences between the groups on Digits Span Backward. However, schizophrenia patients performed more poorly than controls on Alphabet Span and Sentence Span. They also made more verification errors on Sentence Span than controls, though this finding just failed to reach statistical significance. The difference was due to three outliers in the schizophrenia group with scores of 25, 33, and 40 out of a possible 54. There were no such outliers with respect to total words recalled on the Sentence Using cutoff figures derived from (means for the controls ± 1 SD), 11 (64.7%) schizophrenia patients and no controls were impaired on WCST with respect to perseverative errors (cognitive flexibility), and 13 (76.5%) schizophrenia patients and no controls were impaired on the Tower of London with respect to targets achieved in minimum moves (forward planning).
No cutoff figures were available for the two tests of working memory for which there were significant differences between the groups. Tentative cutoff levels were computed from the scores for the controls in this study (means -1 SD). Using these cutoffs as indicators of impairment, 15 (88.2%) schizophrenia patients and 8 (47.1%) controls were impaired on the Alphabet Span, and 11 (64.7%) schizophrenia patients and 3 (17.6%) controls on the Sentence Span. As the limited score range of the Alphabet Span could have inflated the impairment prevalence in both groups, it was not used in final prevalence results or in subsequent statistical processing.
Taking the individual scores for perseverative errors on the WCST, the Tower of London, and Sentence Span, seven (41.2%) schizophrenia patients were impaired on all three tests, five (29.4%) on two tests, and four (23.5%) on one test. Only one (5.9%) was not impaired on any of the tests. A total of 16 (94.1%) schizophrenia patients were impaired on one or more of the three tests. Only 3 controls (17.6%) were impaired on one test, and 14 (82.4%) were not impaired on any of the three tests.
Intercorrelations between scores for the three executive tests and full-scale IQ are listed in table 3 for the combined groups and for each group separately. The correlations were difficult to interpret due to small subject numbers and varying degrees of skewness in the distributions. With the groups combined, the three executive test scores were significantly intercorrelated, and each was significantly correlated with full-scale IQ.
Different patterns emerged when each group was examined separately. For the schizophrenia group, there were only two significant correlations: Sentence Span with both the WCST and with full-scale IQ. As expected, the correlations were negative for the former association and positive for the latter.
There were no significant correlations for the control group; however, the coefficients for fullscale IQ with each of the executive test scores were of moderate strength.
Correlation coefficients for the clinical scales of total BPRS-E, the positive and negative symptom scores from the BPRS-E, and the total LSP with full-scale IQ, WCST, Tower of London, Sentence Span, and full-scale IQ scores for the schizophrenia group appear in the matrix in table 4. There was a moderate but nonsignificant correlation between the WCST and the BPRS-E total score. There were moderately strong, and significant, correlations between the Tower of London and the total BPRS-E score and between the Tower of London and the BPRS-E score for positive symptoms.
To further examine any association between executive functioning and general intellectual deterioration in schizophrenia, the schizophrenia group was divided into two subgroups, the first demonstrating a decrease of 15 or more IQ points from premorbid IQ (as measured by the NART) to current IQ (as measured by the WAIS-R), and the second demonstrating a decrease of less than 15 points or no decrease at all. There were 7 (41.2%) schizophrenia patients in the first group and 10 (58.8%) in the second. No subject in the control group demonstrated a loss of 15 or more IQ points. There were no significant differences between the schizophrenia subgroups with respect to age; years of education; total, positive, or negative BPRS-E scores; LSP; age at onset; duration of illness; number of hospital admissions; or neuroleptic dosage at the time of testing. There were proportionately more females in the subgroup with the IQ loss of 15 points or more (Fisher's Exact Test [two-tailed], p -0.06).
Means, SDs, and one-way ANOVA results for the NART, full-scale WAIS-R, and the difference between the two, and for the WCST, the Tower of London, and the Sentence Span for the two schizophrenia subgroups and the single control group are listed in table 5. There were no significant differences between groups on premorbid intelligence (NART scores). There were differences with respect to WAIS-R full-scale IQ, however. Multiple-range testing using the Scheffe procedure revealed the first schizophrenia subgroup to have a current IQ significantly below both the second schizophrenia subgroup (p < 0.01) and the control group (p < 0.001). There was no difference between the second schizophrenia subgroup and the control group with respect to current IQ. Correspondingly, the first schizophrenia subgroup recorded a significantly greater fall in IQ than the other groups (p < 0.001), and there was no difference between the second schizophrenia subgroup and the control group.
With respect to the three executive measures, there was a significant difference between groups on the WCST. Multiple-range testing revealed that both schizophrenia subgroups made more perseverative errors than the control group (p < 0.001 and p < 0.05, respectively). While the first schizophrenia subgroup made more errors than the second, the difference was not statistically significant. A similar pattern was recorded with respect to the Tower of London, with both schizophrenia subgroups performing more poorly than the control group (p < 0.001). The mean scores for the two schizophrenia subgroups were virtually identical.
A different pattern emerged with respect to Sentence Span. There was a significant difference between groups, but multiple-range testing revealed that the first schizophrenia subgroup (with the 132 SCHIZOPHRENIA BULLETIN IQ fall of 15 points or more) recalled fewer total words than either the second schizophrenia subgroup (p < 0.01) or the control group (p < 0.001). There was no difference on the Sentence Span test between the second schizophrenia subgroup (without an IQ fall) and the control group.
The issue of ability to process complex information was addressed by a more detailed examination of the Tower of London results. As the two schizophrenia subgroups did not differ in their Tower of London performances, the analysis was conducted using the two original groups-schizophrenia (n -17) and controls (n = 17).
A repeated-measures multivariate analysis of variance (MANOVA) was performed using the scores attained at each of the Tower of London's six levels of complexity. There were significant main effects both for Group (F = 64.64, df -1,32, p < 0.001) and for Tower (F _ 43.44, df = 5,160, p < 0.001), together with a significant interaction of Group by Tower (F = 10.71, df = 5,160, p < 0.001). The schizophrenia group recorded disproportionately poorer scores than controls as the level of complexity increased (see figure 1) , the differences reaching significance at levels four, five, and six (p < 0.01).
Discussion
Impairments of Executive Functions. Schizophrenia patients living in the community demonstrated significant impairments in performance on the WCST, the Tower of London, and Sentence Span. As much as these tests measure executive functions, impairment in cognitive flexibility, forward planning, and working memory respectively were demonstrated. These results replicated the earlier study of with respect to cognitive flexibility and forward planning. While working memory is considered a component of short-term memory, not all of short-term memory was impaired. Specifically, the component that might be called simple or primary short-term memory was intact. The sparing of simple shortterm memory in the often multiple deficits of schizophrenia has been reported previously (Kolb and Wishaw 1983; McKenna et al. 1990; Tamlyn et al. 1992) , but this finding should not be taken to imply an intact working memory (McKenna et al. 1990 ).
The average Digits Span Forward and Words Span Forward demonstrated by this schizophrenia group could be taken to indicate an operative short-term phonological store of average capacity, or an intact articulatory loop, to use term. Such an inference has been made with respect to Alzheimer's disease (Morris 1994) . As soon as manipulation of data within the shortterm store was required, or when dual tasking became part of the test, performance by the schizophrenia group deteriorated disproportionately to the control group. With an intact articulatory loop, these results would seem to indicate an impairment affecting the central executive component of Wingfield et al. 1988 ).
The schizophrenia patients in this study demonstrated similar prevalence rates of impairment with respect to cognitive flexibility and forward planning, as in the study. Also, nearly 65 percent of the schizophrenia patients demonstrated an impairment of working memory. However, the cutoff figures for working memory were derived from only 17 control subjects and must therefore be regarded as tentative. In the study, 88 percent of schizophrenia patients were impaired with respect either to cognitive flexibility or forward planning, while in this study 94 percent were impaired with respect to one or more of these three tests used to measure different executive functions.
Although they need to be replicated with larger groups, the results suggest an extremely high prevalence of impairment on critical executive functions-functions which, at face value, must be essential for effective performance in a complex world.
Dissociation of Performance on
Executive Tasks. Both the prevalence and the correlation results suggested a degree of dissociation between the three executive functions. Because of the small number of subjects, however, both sets of results must be interpreted with caution. For each subject group considered separately, forward planning, as measured by the Tower of London, showed only 134 SCHIZOPHRENIA BULLETIN low associations with cognitive flexibility and working memory. For the schizophrenia group (and for the combined groups) there was a moderately strong association between cognitive flexibility and working memory, with a shared variance of 40 percent for the schizophrenia group. This association was not apparent in the control group. Possibly, the dual tasking component of the working memory test invoked the need for cognitive shift. With impaired shift in the schizophrenia group, performance on a dual task would likely be impaired as well. Relative ceiling effects may have prevented stronger correlations in the control group.
Degrees of dissociation between executive functions should not be surprising. Executive functions differ in type, and it is to be expected that they may be subserved by different neuroanatomical loci or neural networks. This explanation is supported by the brain imaging studies of Weinberger et al. (1986) with respect to WCST performance and left dorsolateral prefrontal activation (or relative lack of it in a schizophrenia group). Andreasen et al.'s (1992) results on Tower of London performance and left mesial prefrontal activation (and relative lack of it in a schizophrenia group), and those of Morris et al. (1993) with left prefrontal activation during Tower of London performance in a group of normal subjects lend further support. Conversely, unless each executive function had been reduced to its smallest part, some overlap of functions might have been expected. What was perhaps most surprising with respect to the separate subject groups was the failure of forward planning to correlate with either cognitive flexibility or working memory. Forward planning would seem intuitively to be a higher function, requiring at least both flexibility in thinking and efficient working memory. Goldman-Rakic (1994) has argued that both planning tasks and the WCST access working memory to varying degrees.
A possible explanation with respect to working memory could have been that the Sentence Span is a test of verbal working memory, while the Tower of London perhaps involves spatial working memory to a greater degree. Thus, larger correlations were not to be expected. The recent work of Wilson et al. (1993) on the dissociation of areas in the prefrontal cortex subserving spatial and nonspatial working memory could support this contention. Whether the Tower of London involves either verbal or spatial working memory or both, the fact that cognitive flexibility did not associate with it more closely was surprising. But cognitive flexibility could also be modality-specific, in that the WCST measures verbal / linguistic flexibility while the Tower of London measures spatial flexibility.
The moderate positive correlation between WCST and total BPRS-E, and the moderate negative correlation between Tower of London and BPRS-E, suggested either a higher level of symptomatology in patients with greater executive dysfunction or a state-related impairment of executive functions when symptomatology was increased. The direction of association could not be determined from this study; repeated ratings and testing would have been necessary. The surprising lack of correlation among the three executive test scores and the BPRS-E negative symptom scores could have resulted from the relative infrequency and restricted score range of negative symptoms in this subject group. There were only low correlations between the three executive tests and total LSP scores.
Correlations Between Executive Tasks and Intelligence. Analysis of the relationship of the three executive test scores to WAIS-R IQ data suggested that the apparent deterioration in general intelligence was largely independent of the impairments in cognitive flexibility and forward planning. In contrast, there were moderate to strong associations between working memory and IQ for both groups.
The apparent relationships, or lack of them, between general intelligence and executive functions were further supported by dividing the schizophrenia group into subgroups based on deterioration in IQ from premorbid levels. Regardless of IQ deterioration, both schizophrenia subgroups demonstrated relative cognitive inflexibility and poor forward-planning skills. However, only a group of seven schizophrenia patients whose IQ fell by a mean of 18 points demonstrated poor working memory abilities. The schizophrenia patients who maintained their premorbid levels of IQ demonstrated working memory skills equivalent to those of the control group. It was interesting that females were overrepresented in the group with the IQ drop; however, this distribution should not be assumed without replication in a larger sample.
Though the direction of the association between IQ and working memory cannot be determined from this study, it is possible that a deterioration in working memory had led to a fall in general intelligence from premorbid levels, while impairments affecting cognitive flexibility and forward planning, separately or together, did not. The IQ drops were greater with respect to Performance IQ, suggesting that an intact working memory at least may be necessary for the speed of information processing integral to the timed subtests comprising Performance IQ. Working memory has been posited as one of the elementary information-processing foundations of intelligence (Necka 1992).
Complexity Issues. The MAN-OVA analyses supported the hypothesis that schizophrenia is associated with a loss of, or a failure to acquire, the ability to process complex information. While it was to be expected that all subjects would demonstrate a deterioration in performance over a graded difficulty test, the deterioration shown by the schizophrenia group was significantly greater than that shown by the control group. Performance by the two groups on simpler levels of the test was equivalent, with a gap appearing at level four of the Tower of London and widening through to level six. Arguably, this effect of increased task complexity could have been related to the need in the schizophrenia group to invoke impaired executive functions in attempting to complete the more difficult levels of the tests.
Conclusion
This study replicated the degree and prevalence of impairment to the executive functions of cognitive flexibility and forward planning in a group of people with schizophrenia settled enough to be living in the community. It also suggested the degree and prevalence of working memory impairment, though these results need replication. In that they did not appear to be related to specific symptomatology, the executive impairments appeared to be trait, not state, phenomena.
Impairments affecting cognitive flexibility and forward planning appeared to occur regardless of a deterioration in IQ scores from putative premorbid levels. Working memory impairment appeared to occur in tandem with IQ deterioration, and while the direction of the relationship could not be determined from this study, it was speculated that an impairment of the executive function of working memory could result in IQ deterioration.
The increasing evidence from neuroscience (Fuster 1990; Goldman-Rakic 1991) and from brain imaging studies (Weinberger et al. 1986; Andreasen et al. 1992; Morris et al. 1993 ) for a frontal/prefrontal locus for the executive functions measured in this study motivated their labeling as "frontal/executive" impairments.
The concept of complexity was introduced as a way of indicating that neurocognin've impairments in schizophrenia are not necessarily "all-or-nothing" phenomena. The degrees of forward planning necessary to perform levels one to three of the Tower of London were not impaired in this schizophrenia group. Only as planning demands increased did performance by the group deteriorate disproportionately to the control group. This issue of loss of or failure to acquire the executive functions essential for complex information processing may have important implications for schizophrenia rehabilitation (Delahunty et al. 1993; Delahunty and Morice 1994 
